ABSTRACT Background: Brazil, a unique Latin American country recognized as 1 of the 8 major economies of the world, is experiencing a significant deterioration in health equality in the past decade, despite its universal and free-of-charge health service that is governed by its national constitution. Objective: The objective was to describe the double burden at the national, household, and individual levels as well as its major trends across all demographic strata in the past 40 y. Design: The data were collected from 6 Brazilian national surveys conducted in 1974-1975, 1989, 1996, 2002-2003, 2006, and 2008-2009. Anthropometric indicators were estimated for all age groups and anemia indicators for children aged ,5 y and women aged .15 y according to WHO recommendations. The annual increment rate was calculated for all indicators to assess the different time points among surveys. From 1974From -1975From to 2008From -2009, the annual obesity increment rate for men was 4.7% each year and was 2.5% each year for women. A large decrease in undernutrition in adults was observed from 1974-1975 to 1989. In children ,5 y of age, no increase in the prevalence of overweight across the analyzed periods was observed, whereas a major decrease in the prevalence of undernutrition was detected from 1996 to 2006-2007. The prevalence of the obese motherunderweight child pair was low. No association between anemia and any other child anthropometric indicator was detected. Prevalence trends of adult obesity stratified by quintiles of per capita household income showed different trajectories for men and women across the surveys. In the last period, the poorest and richest adults showed positive incremental rates of obesity. Conclusions: In Brazil, the current prevalence of excess weight is at least 3-fold higher than that of undernutrition. The lowest prevalence rate in the last period analyzed was observed in children ,5 y of age. Inclusive social policies have succeeded in reducing poverty and in identifying new challenges related to obesity control or reduction.
INTRODUCTION
Nutrition transition in Brazil has evolved across various relevant social contextual issues. Brazil, a unique Latin American country recognized as 1 of the 8 major economies of the world, is experiencing a significant deterioration in health equality in the past decade (1) , despite its universal and free-of-charge health services that are governed by its national constitution.
The double burden of undernutrition and obesity in Brazil has been reviewed previously (2) (3) (4) . Analysis highlighted the following points: 1) the decrease in the prevalence of underweight and the increase in that of obesity are similar in adults and adolescents throughout the periods analyzed and 2) double burden is mainly observed in the poorest members of society, particularly those with low height, which is a marker of nutrition during infancy and becoming obese during adulthood.
Data from a report generated by the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística) were used to generate figures showing the distribution of double burden in Brazil for the following subpopulations: the prevalence of underweight was 2.7%, whereas that of obesity was 14.8% of the population; among the poorest women, underweight was 5.7%, whereas obesity was 15.1%; among the poorest men, underweight was 2.7% and obesity was 5.5% (5) .
Young-age transition, which is the change from adolescence to adulthood, seems to play a critical role in the maintenance of a healthy body weight. Considering the nutritional status at 20 y as the initial point, the incidence of obesity was 40.0% in both men and women, whereas the persistence of obesity was 65% in men and 47% in women (6) .
The global spread of obesity has been propelled by the decrease in the relative gap among the prevalence rates of obesity in adults, adolescents, and children among countries (7) . The relative gap is decreasing for undernutrition as well, in an inverse direction. These trends project critical figures for the prevalence of overweight and obesity in Brazil. It is estimated that by 2050, nearly 70% of Brazilian adults could be overweight if the present trends are sustained (8) .
The Brazilian government has launched the Brazilian Strategic Action Plan to Combat Chronic Noncommunicable Diseases, which aims to achieve the following objectives by 2022: 1) reduce the prevalence of obesity in children, adolescents, and adults; 2) increase physical activity rates in the population; 3) increase the consumption of fruit and vegetables; 4) reduce alcohol consumption and tobacco use; 5) reduce the use of dietary salt; 6) improve early detection rates for cervical cancer; 7) reduce mortality associated with noncommunicable diseases by 2% each year; and 8) treat 100% of women diagnosed with cancerous lesions (9) .
We learned that in 2010, Bolivia, and in 2013, Mexico, had launched national strategies against obesity, whereas other countries implemented minor policies to address these issues (10) . Because these initiatives are relatively recent and thus have not been evaluated in terms of their success, the inclusion of these actions in an analysis of determinants of obesity is not feasible at this time. We therefore have no previous information regarding the implementation, population coverage, or the status quo of any policies either in Brazil or other countries in Latin America.
To our knowledge, there is no single study that describes nutrition transition for the entire Brazilian population and presents comparable indicators across surveys. This report presents and describes the double burden at the national, household, and individual levels, as well as its major trends across all demographic strata in the past 40 y.
METHODS
The data used in the present study were generated from 6 Brazilian national surveys. Two of these were the Demographic Health (5) . All 6 surveys were designed to sample household complexes that were representative of the Brazilian population. The 3 surveys conducted before the 2000s did not sample the scarcely populated rural census sectors in the northern region of Brazil, of which one was included in the 3 more recent surveys. All of the surveys include data representative of the Brazilian population and allow direct comparisons of various levels of the Brazil population at different time points. The sampling schemes, variables, and data collection procedures are described in the publication of each survey.
We describe the double burden of disease at 3 levels. The national level includes prevalence of stunting, underweight, and excessive weight. The household level includes the estimation of the mother's excessive weight and the children's stunting. The individual level includes the estimation of excessive weight, stunting, and anemia in mothers or children.
BMI was calculated as weight (in kg) divided by height squared (m 2 ). z Scores were calculated by comparing the height, weight, and BMI with the standard values of age and sex by using the 2006 WHO international growth reference (14) . Stunting and wasting were defined as having z scores, which is a standardized measurement value, of 22 from the respective references. Obesity was defined by using the BMI-for-age reference with z scores $2. For children aged 5-19 y, anthropometric indicators were estimated by using the WHO 2007 reference (15) . Children aged 5-19 y with z score values $1 from the BMI-for-age reference value were declared overweight.
The nutritional status of individuals aged $20 y was classified as underweight when their BMI (in kg/m 2 ) was ,18.5 and as overweight when their BMI was $25 (16). Anemia was defined as having a hemoglobin concentration ,110 g/L in children and ,120 g/L in adolescent girls and women aged .15 y. The annual increment rate was calculated as an exponential series by dividing the second overweight prevalence by the first one, with the ratio raised to the power calculated as the inverse of the time span between surveys.
P values presented in the tables are functions of density generated from the Pearson chi-square test. All analyses were performed by taking into account sample strata, cluster, and weighing structure and were performed by using Stata version 12.1.
RESULTS
In Brazil, the prevalence of stunting decreased at an average rate of 0.5%/y. This performance was associated with a similar reduction that was observed among adults during the same period. Low weight for the same age range showed a stronger trend. A significant decrease in the prevalence of undernutrition in adults was observed from 1974-1975 to 1989, whereas in children ,5 y of age, a marked decrease in prevalence was observed from 1996 to 2006-2007 ( Table 1) .
Among children ,5 y of age, there was no increase in overweight across analyzed time periods. The next age group, 6-11 y, showed a significant increase in the prevalence of overweight in both males and females (Table 1) . No valid data were available for that age strata in the 2002-2003 survey. However, the overweight trajectory was apparently similar to that observed for men and women.
In 2008-2009, 1 in every 2 Brazilian adults was overweight and 1 in every 6 men and 1 in every 8 women was obese. The incremental rate across periods varied between men and women. The mean annual increment for men was 4.7%/y and was 2.5%/y for women.
Evaluation of the nutritional status timeline of Brazil showed a unique trend for the prevalence of obesity in females. From 1974 From -1975 From to 1989 , obesity increased by at least 2-fold in males and females, with annual increments of 4.8% and 3.8%, respectively. From 1989 to 2002-2003, the incidence of obesity continued to increase in males, especially in some age groups; in females, the incidence reached a plateau or decreased. The annual rate of increase was 4.2% in males and was 0.4% in females. The trend was reversed from 2002-2003 to 2008-2009, with trends in females similar to those observed in males, although the annual rate was 5.8% for males and 4.5% for females.
The association between maternal and child weight based on anthropometric indicators showed a low prevalence obese mother-underweight child pairs ( Table 2) . Comparison of the status of overweight/obesity to stunting or anemia in children ,5 y of age showed that the incidence of overweight/obesity was less than one-fifth of the incidence of stunted children relative to that observed among children of normal height. Stunting was not associated with anemia in children ,5 y of age in the only survey that presented both anthropometric and biochemical data ( Table 2) . No association between anemia and any other child anthropometric indicator was observed.
The incidence of anemia was 1 in every 3 Brazilian women of reproductive age, and the prevalence was higher in adolescent females. Among women of reproductive age, no association between anemia and overweight status was observed ( Table 2) . Separation of the 15-to 24-and 25-to 49-y age ranges also showed no association.
The prevalence rates of adult obesity stratified by quintiles of per capita household income differed between men and women across surveys (Table 3) , a remarkable change was detected, wherein an inverse general correlation between the annual incidence rate of obesity and income quintiles was detected. This correlation was not observed in the last period, with the poorest and richest adults showing an increase in the incidence of obesity.
DISCUSSION
By examining all of the available Brazilian surveys nationwide, we have presented a large picture of the evolution of major opposite nutritional changes in the past 35 y across different age groups of the Brazilian population. The description highlights a number of issues: 1) the incidence of stunting and underweight in children significantly decreased in Brazil, with the highest rate of decrease occurring in the past decade; 2) the incidence of overweight in children ,5 y of age is apparently constant, whereas an increase in incidence was observed in children aged 6-11 y; 3) male adolescents showed the most significant increase in prevalence of overweight among all age groups; 4) female adolescents and adults showed a changing trend for overweight and obesity incidence rates across the periods analyzed; 5) in children ,5 y of age, overweight was associated with stunting, whereas no relation was observed with anemia; 6) among females of reproductive age, the incidence of overweight was not associated with anemia; and 7) an inverse association between an increasing incidence of obesity and income quintiles in adults was not observed in last period investigated.
The positive evolution in nutritional status in Brazilian children ,5 y of age was markedly influenced by several factors, including wide social changes, such as urbanization, female schooling, and access to health facilities, and contextual changes, such as the increase in per capita income and social protection policies (17, 18) . These factors have contributed, in an ordered and concatenated way, to the significant decrease in the incidence of stunting from 1996 to 2006 and in sustaining the incidence of overweight. The stabilization of overweight among Brazilian children ,5 y of age has not yet been explained. A stronger hypothesis is that because the new child cohort shows an increase in height and weight, obesity has been blocked in that age group for a while. The increase in the incidence of obesity in Brazil has followed the classical demographic spread from adults to adolescents, and finally to children (7). Annual incremental rates indicate a significant increase in the incidence of obesity among the poorest men and women in Brazil. Underweight is virtually controlled among adults.
A decrease in the incidence of obesity in women was observed from 1989 to 2003, whereas an increase was detected from 2003 to 2009. A change in socioeconomic status and obesity, including those in developing countries with low, middle, and high per capita gross national product, showed that as gross national product increased, females of low socioeconomic status have a higher risk of obesity (19) . In Brazil, a decrease in the incidence of obesity in females was related to an increase in income or 0.5% expected with height-for-age ,2 SDs. 4 1.3% expected. 5 13.5% expected. (21) . Analysis of specific factors such as schooling and physical activity (data not shown) suggests the presence of protective effects that were inhibited by the effect of an increase in income in the past decade.
A statistical association between overweight in mothers and undernutrition (stunting) in children is also shown at the household level. This association has also been found in previous reports. An analysis of Demographic Health Surveys data from 54 countries indicated that the prevalence of stunted child/overweight mother pairs is not independent once their prevalence is associated with the prevalence of maternal overweight in the population (22) . The stunted child/overweight mother pair is a typical match and probably reflects an increase in BMI, especially among countries undergoing nutritional transition (23) . In these countries, women, many of whom present with low height, undergo a rapid weight gain from one generation to the next, whereas height gain is proportionally less intense throughout the next generations. The association at the individual level between overweight and stunting in children ,5 y in age probably reflects the nutritional transition process as well. There is no plausible hypothesis to support $2 different causes for these prevalence rates at same time in the same population.
Anemia is a multifactorial disease involving nutrition, infectious, and even genetic factors. No association between mother and child anemia was observed in the last Brazilian survey available. Deficiencies in iron can impair the developmental potential of children, who are considered to be the future of each country. Additional investigations identifying all causes that contribute to the high anemia prevalence in women (1 in every 3) and children (1 in every 4) and the effectiveness of public policies to address this issue in Brazil are thus warranted.
Our analyses indicate the extent and intensity of the nutritional transition in Brazil. The Brazilian government has launched a plan to reduce the mortality rate for noncommunicable diseases as well as their risk factors (9) ; however, these goals may be a huge challenge. In the past decade, 33 million Brazilians have risen above the poverty line due to the effects of a combination of market-oriented reforms and progressive social policies (23) . Although this transformation was positive, it also accelerated the vectors of nutritional transition in the country and further intensified the double burden of disease.
Nutritional transition in Brazil has resulted in an increase in the prevalence of excessive weight by at least 3-fold compared with that of undernutrition. Only children ,5 y of age were less affected by excessive weight increase in the last period analyzed. Anemia has become a public health issue, affecting 33% of females and 25% of children. A new public policy to reduce the risk factors and mortality rate from noncommunicable diseases has been launched. New national challenges have emerged because of the success of the social policies to reduce poverty in the past decade and a new social scenario has opened the gates to the spread of changes in food and behavioral patterns that have adverse effects on human health.
